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The ultrastructural and light microscopic features of acantholysis produced in organ 
culture were compared with those of human pemphigus lesions. In both, an intraepidermal 
split was seen and typical suprabasal acantholytic cells were present. These cells contained 
small bundles of tonoftlaments, usually located away from the cell periphery. Desmosomal 
plaques with inserted tonofilarnents frequently remained along the periphery of acantholy-
tic cells and along the upper portion of the periphery of basal cells. The ultrastructural 
similarity between in vitro and in vivo lesions provides additional evidence to suggest that 
organ cultures may provide a valid model for studying the dynamics of pemphigus lesion 
formation. 
It has been well established that intercellular 
antibodies are found in association with pemphi-
gus lesions fl ,2]. Moreover , correlations between 
the serum titer of these pemphigus antibodies and 
the severity and/or activity of the disease have 
suggested a direct role of pemphigus antibodies in 
the pathogenesis of the disease 12). As indicated 
previously 13], further experimental support for 
such a role has come from passive transfer studies 
employing repeated injections of pemphigus anti-
bodies into monkey sk in 141 and lip [5). 
In order to study the mechanism of lesion forma-
tion, an organ culture system was developed 13.61 
to a llow for a variety of experimental manipula-
tions as well as frequent sampling of tissue. This 
paper describes the light and electron microscopic 
features of Epon-embedded tissue from acantholy-
tic "lesions" produced in vitro in the presence of 
intercellular antibodies. and compares these fea-
tures with those of biopsies of human lesions. 
MATERIALS AND METHODS 
Splil-lhickness explants from normal abdominal 
skin of rhesus monkeys were incubated w1th pemphigus 
sera {17 explants) or normal human control sera (17 
explants) at 31°C for periods up to 72 hr as previously 
described 13]. Three pemphigus sera with intercellular 
antibodies capable of binding to the explants and 4 
control sera were used. At the time of culturing and at 
24, 48, a nd 72 hr. expla nts were ftxed in a modified 
Karnovsky ftxative L7l for 2 hr, postftxed in osmium 
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tetroxide for 1 hr, and routinely processed for electron 
microscopy [8]. Biopsies of 3 human pemphigus vul-
garis lesions were similarly processed. These included 2 
skin lesions from a 59-year-old male and a 71-year-old 
female, respectively, and 1 gingival lesion from a 64-
year-old female . One-micron-thick sections were 
stained with toluidine blue for surveying of the tissue, 
FIG. 1. a: Monkey skin at the time of explantation . b: 
Control explant at. 72 hr. Features characteristic of 
normal monkey skin in vivo have been retained (a and 
b: Epon embedded, x 800). 
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f'IG . 2. Control explant at 48 hr. The ultrastructural features of these basal cells and dermal-epidermal junction 
.are similar to those of cells in vivo, with the exception of small cytoplasmic vacuoles (u) and organelles resembling 
secondary lysosomes (arrows) (x 12.000). 
and thin sections were stained with uranyl acetate and 
lead citrate f9]. The thin sections were photographed 
with either an AEI EM6B, Zeiss EM9S-2, or Hitachi 
HS-8 electron microscope. 
RESULTS 
Explants in Control Sera 
The skin at the time of explantation consisted of 
a keratinizing stratified squamous epithelium and 
a portion of the subjacent dermis (Fig. la). The 
control explants retained this basic architectural 
pattern for periods as long as 72 hr, i.e. , the long-
est in vitro period studied (Fig. lb). 
The ultrastructural features of the 48-hr control 
explants were very similar to those of normal skin 
at the time of explantation, and consistent with 
those previously reported for normal skin 110]. The 
basal cells were cuboidal to columnar in shape. 
Complex interdigitations of adjacent cell processes 
with periodic desmosomes were present, and the 
intercellular space appeared to be of normal width 
(Fig. 2). These features were seen in the stratum 
germinativum and the stratum spi nosum. as well 
as in the more superficial layers. The epidermal-
dermal interface was intact, with hemidesmo-
somes. basal lamina, and anchoring fibrils pres-
ent. 
With respect to the ultrastructure of individual 
cells (Fig. 2), the nuclei were relatively homogene-
ous with only smaJI amounts of heterochromatin 
present. Nucleoli frequently were prominent. The 
cytoplasm contained numerous ribosomes, for the 
most part in the form of polysomes although occa-
sional profiles of rough endoplasmic reticulum 
could be found. Mitochondria were present, as 
were bundles of tonofllaments, some of which in-
serted into desmosomal attachment plaques. The 
ultrastructural features of the 48-hr explants 
which distinguished them from normal , in situ 
skin were the presence of small, clear vacuoles in 
some of the cells and the presence of round, mem-
brane-bounded organelles containing a heteroge-
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FIG . 3. Control explant at 72 hr. Cells of the stratum 
spinosurn remain closely apposed. Keratinization con-
tmues in culture. Desmosomes are present and inter-
cellular spaces are of normal width ( x 8,000). 
neous, electron-dense material (Fig. 2). The latter 
were thought to be secondary lysosomes. 
The ultrastructural changes in the epithelium 
of the 72-hr explants were somewhat more pro-
found. The cytoplasm contained larger and more 
numerous clear vacuoles. In occasional cells, the 
cytoplasm was unusually electron lucent, hav-
ing lost most of its organelles. Significantly, 
however, the overall tissue architecture re-
mained intact and keratinization continued (Fig. 
3). In addition, desmosomes were present and 
the intercellular spaces remained narrow. Be-
cause there were fewer interdigitations of cell 
processes, cell peripheries appeared ::;t.raighter 
than in earlier specimens (Fig. 4). 
Explants in Pemphigus Sera and Biopsies of 
Human Pemphigus Lesions 
The appearance of all the explants incubated 
wi.th 2 of the 3 pemphigus sera was very different 
from that of the controls by 72 hr. The following 
description applies to the explants incubated with 
the pemphigus sera which induced acantholytic 
changes. Immunofluorescence revealed that all 3 
sera contained antibodies capable of binding to 
epithelium. The 2 sera that yielded demonstrable 
changes in explants as seen with standard histo-
Fxc. 4. Control explant at 72 hr. A portion of3 cells of 
the stratum spinosum. The desmosomes and the inter-
cellular space have normal morphology, though cell 
peripheries are relatively straight (arrows) (X 24,500). 
logic met hods and as revealed by the present ul-
trastructural study also gave the strongest reac-
tions in the indirect immunofluorescent tests de-
scribed in a previous paper [3). 
The light and electron microscopic features of 
the human lesions were consistent with the vari-
ety of morphologic changes described in past re-
ports 111-13]. although it should be noted that the 
authors of these papers differed as to the interpre-
tation of the morphologic fmdings. Since these 
changes have been well documented previously, 
they will not be discussed here, although micro-
graphs of the human lesions will be included for 
comparative purposes. 
Light Microscopic Changes 
By 72 hr the epidermal architecture of all the 
explants was markedly altered; in addition. 
changes were obvious in some of the earlier ex-
plants. In all 72-hr explants. suprabasal acantho-
lysis was apparent and small "vesicles" were seen 
(Fig. 5). The roof of the vesicle varied in thickness 
in different areas. In many regions it consisted of 
the stratum corneum and several flattened layers 
of the upper stratum spinosum. Within the vesi-
cle. acantholytic cells seemed to be floating in a 
fluid medium (Fig. 5). The individual acantholytic 
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Fie. 5. a: Explant in pemphigus serum at 72 hr. A 
region of "vesicle" formation with acantholytic cells. 
The basal cells, although rounded, remain adherent to 
the dermis. b: Human skin lesion. Supra basal acantho-
lysis is present, along with characteristic "tomb-stone" 
basal cells. c: Human skin lesion. Floor of vesicle with 
several layers of rounded basal and suprabasa] cells. In 
many areas the intercellular spaces appear to have 
widened (a. b. and c: x 880). 
cells were rounded and had degenerative changes. 
In some cells, the cytoplasmic periphery was in-
tensely stained with toluidine blue, giving these 
cells an appearance reminiscent of that of Tzank 
cells. 
The appearance of the basal cells varied. In 
some regions, they retained a relatively normal 
appearance on a light microscopic level, although 
their shape was more rounded than usual. In other 
regions they had nuclear and cytoplasmic changes 
suggestive of cell degeneration. 
When changes were seen in the earlier explants, 
Vol. 68, N o.5 
they were similar to those described above. In 
regions where obvious vesicle formation had not 
yet occurred, the suprabasal cells were rounded 
and often were separated from each other by a 
widened intercellular space. The so-called "inter-
cellular bridges" normally seen in the light micro-
scope were absent. 
Electron Microscopic Changes 
The light microscopic changes were reflected on 
the ultrastructural level. Some of the acantholytic 
cells retained attachment plaques with small 
masses of inserted tonofilaments (Fig. 6). Other 
tonofilaments were arranged in small bundles lo-
cated away from the cell periphery. Intracyto-
plasmic clear vacuoles were devoid of a limiting 
membrane. The nuclei were often indented and 
nucleoli were not seen. Acantholytic cells were 
also seen in which no traces of desmosomal attach-
ment plaques remained. These cells were also 
rounded and contained masses of tonofilaments 
randomly located within the cytoplasm (Fig_ 7). In 
the acantholytic cells, cytoplasmic constituents, in 
general, appeared to be disrupted and. on a mor-
phologic basis. the cells did not appear to be func-
tional. Cellular debris frequently was present in 
the space surrounding the acantholytic cells. 
The cells lining the floor of the vesicle usually 
retained desmosomal attachment plaques at their 
uppermost surfaces, even though acantholysis had 
occurred (Fig. 8). Many of these cells appeared to 
be minimally disrupted although some cytoplas-
mic changes usually were present. An interesting 
ultrastructural feature of the pemphigus explants 
involved the epidermal-dermal interface. It was 
observed that the basal lamina and anchoring fi-
brils were intact, but that hemidesmosomes were 
absent along relatively long portions of the infe-
rior border of the basal cells. The basal cells re-
mained in close proximity to the dermis. however. 
and the acantholysis still occurred in suprabasal 
sites. 
DISCUSSION 
A comparison of the light and electron micro-
scopic features of the explants incubated in pem-
phigus sera with the features of lesions from pem-
phigus reveals many similarities between the two 
and, thus, further supports previous immunologic 
studies of this organ culture system 13,6.14]. In 
both explants and human lesions , vesicles were 
formed in suprabasal locations and typical acan-
tholytic cells were present. Desmosomal compo-
nents often were seen at the peripheries of the 
acantholytic cells and remaining basal cells. Small 
tonoftlament bundles were located away from the 
cell periphery and the cells appeared to be non-
functional on a morphologic basis. Of interest was 
the absence of hemidesmosomes at the inferior 
border of many regions of the basal cells of ex-
plants grown in the presence of pemphigus anti-
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FIG. 6. a: Explant in pemphigus serum at 72 hr. A portion of an acantholytic cell showing small bands of 
tonofilaments and remnants ofdesmosomal plaques (arrows). Clear cytoplasmic vacuoles are evident (x 18,000). b: 
Human skin lesion. A portion of an acantholytic cell having many features similar to the cell in a although in the 
cell shown here the vacuoles are membrane bounded and there are no definitive remains of demosomes present (x 
16.000). 
bodies, a feature not seen in the human lesions. 
Although the reason for this difference is not clear, 
it is significant that even without hemidesmo-
somes, the basal cells remained closely apposed to 
the dermis and an intraepithelial split occurred at 
a higher level. 
That the changes seen in the experimental ex-
plants are not a coincidental product of the process 
of organ culture is evident from past reports 
[3,6.14], and is borne out by a comparison of the 
microscopic features of experimental and control 
explants described in this report. In the control 
explants, normal tissue architecture was retained 
at both the light and electron microscopic levels up 
to 3 days. Intercellular spaces and desmosomes 
seemed to be unchanged, and keratinization also 
appeared to continue. 
The cellular changes that seem to have resulted 
from culturing per se include the formation of 
clear, non-membrane-bounded intracytoplasmic 
vacuoles, presumably lipid vacuoles, and second-
ary lysosome formation, as well as a relative 
straightening of cell peripheries. These changes 
have been reported previously [15,16] and are im-
portant insofar as they must be distinguished from 
specific alterations produced by pemphigus anti-
bodies. 
Previous electron microscopic studies of human 
pemphigus lesions have given rise to three con-
cepts regarding their pathogenesis. According to 
one [13], the initial change involves the tonoflla-
ment-desmosome relationship. The tonofilaments 
are thought to separate from desmosomal attach-
ment plaques, as a result of which desmosomes 
disappear and a loss of cellular adhesion ensues. 
The second concept [11] is that acantholysis occurs 
as a result of dissolution of the so-called "intercel-
lular cement." A third group [12] feels that the 
primary change leading to acantholysis is a loss of 
the ability of the epithelial cells to complete the 
development of desmosomal contacts, and that 
changes in tonofl.laments are secondary. The find-
ing in the present study, of attachment plaques 
with inserted tonofilaments in both acantholytic 
cells and remaining basal cells, would seem to rule 
out the first concept. though it certainly does not 
prove either the second or third. 
Since no valid conclusions regarding a dynamic 
sequence of events can be drawn on the basis of 
micrographs taken at a single point in time, stud-
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FIG. 7. a: Explant in pemphigus serum at 72 hr. An acantholytic cell with bands of tonofilaments located for the 
most part away from the cell periphery. A well-defined nude us is no longer present; remnants of desmosomes are 
also lacking ( x 6,100). b: Human skin lesion. An acantholytic cell with small bands of tonofilaments distributed 
within the cytoplasm. Desmosomal plaques with tonofilaments still inserted are present (arrows). The dilated 
profiles of endoplasmic reticulum (e) give the cell a vesicular appearance (X 8,100). 
FIG. 8. a: Explant in pemphigus serum at 48 hr. A 
portion of several basal cells with remnants of desmo-
somes (arrows) ( X 5,800). b: Human skin lesion. A 
"tomb-stone" cell with desmosomal plaques (arrows). 
The dermal-epidermal interface is intact with hemides-
mosomes, basal lamina , a nd anchoring fibrils ( x 8,000). 
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ies up to now have not provided definitive infonna-
tion about the mechanism of pemphigus lesion 
fonnation . The results reported herein comparing 
the ultrastructure of fully developed acantholytic 
changes in vitro with that of human pemphigus 
lesions, provide additional support for the validity 
of the organ culture system as a means for study-
ing the mechanism of lesion formation . Whereas 
this study concentrated on the "end-point" of the 
acantholytic process. as seen in explants cultured 
for 48 to 72 hr, it is clear that in order to consider 
mechanisms, explants should be selected from 
time periods at which overt acantholysis has not 
yet occurred. 
A portion of the electron microscopy was carried out 
at the Electron Microscopy Laboratory, Department of 
Pathology, Erie County Laboratory. Buffalo, New 
York . 
We would like to extend our appreciation to Miss 
E velyn Flynn and Mrs. Sandra Berntheizel for their 
technical assistance, to Dr. Michael Newman for pro-
viding the gingiva] biopsy. a nd to Dr. Shipen Sun for 
maintaining the organ cultures. 
REFERENCES 
1. Beutner EH , Lever WF. Witebsky E, Jordon RE. 
Chertock B: Autoantibodies in pemphigus vul-
garis. JAMA 192:682-688, 1965 
2. Beutner EH, Chorzelski TP, Jordon RE: Autosensi-
tization in Pemphigus and BuJlous Pemphigoid. 
Springfield, Ill, Thomas, 1970. pp 5-194 
3. Deng JS, Beutner EH , Shu S: Organ culture studies 
of pemphigus antibodies. I. Studies of antigen 
stability in explants of normal monkey skin and 
kim•tics of acantholytic changes. Arch Dermatol 
(in pressl 
4. Wood GW, Beutner EH, Chorzelski TP: Studies in 
immunodermatology. II . Production of pemphi-
gus-like lesions by intradermal injection of mon-
keys with Brazihan pemphigus foliaceus sera. 
lnt Arch Allergy 42:556-564 , 1972 
5. Holubar K, Chorzelski TP. Gaulo M. Beutner EH: 
Studies in immunodermatology. ITI . Induction of 
intraepithelial lesions in monkeys by intramu-
cosal injections of pemphigus a ntibodies. Int 
Arch Allergy 44:631-643, 1973 
6. Michel B, Ko CS: Effect of pemphigus or bullous 
pemphigoid sera and leukocytes on normal hu-
man skin in organ cultures. An in vitro model for 
the study of bullous diseases. J Invest Dermatol 
62:541- 542, 1974 
7. Ito S , Karnovsky M: Formaldehyde-glutaraldehyde 
fixatives containing trinitro compounds. J Cell 
Bioi 39:168a, 1968 
8. Luft JH: Improvements in epoxy resin embedding 
methods. J Biophys Biochem Cytol 9:404-414, 
1961 
9. Reynolds ES: The use of lead citrate at high pH as 
an electron opaque stain in electron microscopy. 
J Cell Bio117:208-213, 1963 
10. Odland GF, Reed TH: Epidermis, In Ultrastructure 
of Normal a nd Abnormal Skin. Edited by AS 
Zelickson. Philadelphia, Lea & Febiger . 1967, pp 
54-75 
11. Hashimoto K, Lever WF: An electron microscopic 
study on pemphigus vulgaris of the mouth and 
the skin wilh special reference to the intercellu· 
Jar cement. J Invest Dermatol 48:540-552, 1967 
12. Braun-Falco 0 , Vogell W: Elektronen-mikrosko-
pische Untersuchungen zur Dynamik der Acan-
tholyse bei Pemphigus vulgaris. I. Die kl inisch 
normal aussenende hant in der umgebung von 
blasen mit positivem Nikolski-phenomen. Arch 
Kl in Exp Dermatol 223:328- 346, 1965 
13. Wilgram GF: Pemprugus and bullous pemphigoid. 
In Ultrastructure of Normal and Abnormal Skin. 
Edited bv AS Zelickson. Pruladelphia, Lea & Fe-
biger, 1S67. pp 335-346 
14. Schiltz JR, Michel B: Production of epidermal acan-
t holysis in normal human skin in vitro by the 
IgG fraction from pemprugus serum. J Invest 
Dermatol 67:254-260. 1976 
15. Prose PH , Friedman-Kien AE. Neistein S: Ultra-
structura l studies of organ cul tures of adult hu-
man skin. In l'IIro growth and keratinization of 
epidermal cells. Lab Invest 17:693-716, 1967 
16. Barnett ML. Szabo G: Effect of vitamin A on epithe-
lial morphogenesis in vitro. Fine structural 
changes in explants of adult mammalian skin. 
Exp Cell Res 76:118-126. 1973 
